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Objectives: To determine the value of the Ad Hoc scoring system (SVS/ISCVS) in predicting the immediate outcome of 
femoropopliteal saphenous vein grafts. 
Design: Retrospective study. 
Materials: One hundred and twenty patients underwent 132 primary femoropopliteal vein bypass procedures, 32 for 
claudication and lOO for critical leg ischemia (CLI). 
Methods: The outflow arteries were graded according to the Ad Hoc scoring system (SVSflSCVS). Postoperative 
immediate graft patency and leg salvage to the period of the,first 30 days after surgery. 
Results: Ninety-one per cent of claudicants and 83% of CLI patients had immediate patency. The overall 30-day patency 
rate was 85%. Leg salvage rate was 91% for the patients with CLI. Patients with score in the highest quartile were found 
to have a 8.7 times higher risk for immediate graft occlusion (p =0.005). Multivariate analysis showed that the Ad Hoc 
score was predictive of immediate patency (p = 0.0006) and leg salvage (p = 0.0004). In patients with a score <_ 7.5 and 
in those with a score >7.5, the patency rates were 95% and 66% (p=O.O01), and the leg salvage rates were 97% and 
80%, (p = 0.004), respectively. 
Conclusions: The Ad Hoc scoring system is useful in predicting the immediate outcome of femoropopliteaI saphenous 
vein grafts. 
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Introduction 
Knowledge of the stage of a disease nables the clini- 
cian to predict he future development of the disease, 
to plan appropriate treatment, and to compare patient 
populations and outcome between different centres. 
In the same way, the decision-making process in the 
treatment of vascular diseases requires a precise de- 
scription of the disease and its extension. 1 With this 
aim, in 1986, the Ad Hoc Committee on Reporting 
Standards, Society for Vascular Surgery/North Amer- 
ican Chapter, International Society for Cardiovascular 
Surgery  (SVS/ ISCVS)  2 proposed a scheme for grading 
the runoff status of the lower limb based on angio- 
graphic findings which, unfortunately, has received 
the attention of only a few studies, the results of 
which are contradictory. 3-8The aim of this study was, 
therefore, to retrospectively evaluate the impact of 
* Please address all correspondence to:A. Alback, Division of Vas- 
cular Surgery, Department of Surgery, Helsinki University Central 
Hospital, Kasarmikatu 11-13, FIN-00130 Helsinki, Finland. 
c 
this scoring system on the immediate outcome of 
femoropopliteal saphenous vein bypass surgery. 
Patients and Methods 
Intraoperative monitoring of graft haemodynamics, 
with its possible ability to improve the 30-day re- 
construction outcome, was not part of our routine 
until 1992. We therefore chose to analyse a sample of 
120 consecutive patients who underwent 132 primary 
femoropopliteal bypass grafting operations for the 
treatment of claudication (32) or critical leg ischaemia 
(100) (CLI) from 1986 to 1991. At that time no haemo- 
dynamic measurements were made which would have 
altered the treatment policy by necessitating additional 
inflow or outflow procedures. 9 All operations were 
performed using an autogenous saphenous vein. The 
minimum outer diameter of the grafts was determined. 
Twenty-seven patients were diabetic. Patient data and 
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Table 1. Patient characteristics and potential risk factors for 
femoropopliteal graft failure. 
N. operations 132 
Sex M/F 77/55 
Age (range) 64 (57-72) 
Diabetes (%) 28 (21%) 
Claudication/CLI 32 /100 
Median preoperative ABI 0.32 (0.22-0.43) 
Median score in claudicants/CLI 4.0/6.5 
In situ vein grafts (%) 41 (31%) 
Reversed vein grafts (%) 91 (69%) 
Median minimum outer graft 4.0 (3.0-4.0) 
diameter inmm 
AK/BK bypasses 67/65 
AK: femorOpopliteal above-knee bypasses; 
BK: femoropopliteal below-knee bypasses. 
risk factors analysed in this study are shown in Table 
I. All patients underwent preoperative angiography 
and the outflow arteries were retrospectively graded 
according to the system proposed by the Ad Hoc 
Committee on Reporting Standards, SVS/ISCVS. 2 For 
both femoropopliteal above-knee and femoropopliteal 
below-knee bypasses, the runoff was graded by the 
crural scoring system which assigned a score to the 
anterior tibial artery, posterior tibial artery, and peron- 
eal artery. 3 To rule out technical errors, intraoperative 
completion angiography was performed by injection 
of contrast medium into the grafts with the inflow 
artery cross-clamped. All patients were given 
100-250 mg per day of acetylsalicylic a id during the 
postoperative period. Ankle-brachial index (ABI) 
measurements were routinely done on the first and 
seventh postoperative day. Graft patency was de- 
termined by pulse palpation and pressure meas- 
urements, whereas standard duplex scan and 
angiography were performed whenever there was a 
suspicion of graft failure. Postoperative immediate 
haemodynamic success was defined as graft patency 
and an improvement of the ABI more than 0.15 until 
30 days after surgery. 1°Immediate patency and im- 
mediate leg salvage also refer to the period of the first 
postoperative month. 
Analysis of data was facilitated by the use of a 
microcomputer database and the statistical software 
SPSS for Windows 7.0 (SSPS Inc., 444 North Michigan 
Avenue, Chicago, IL 60611, USA). The data of non- 
parametric variables showed a skewed distribution 
and therefore these were presented as median and 
interquartile range. The significance of any difference 
in medians between subgroups were calculated with 
the Mann-Whitney U-test. For the multivariate ana- 
lysis of the impact of potential risk factors for graft 
occlusion and postoperative major amputation, the 
variables age, sex, diabetes, outflow vessel anatomy, 
type and size of vein graft, preoperative ABI, Fontane 
classification of the disease, and runoff score were 
entered into a logistic regression model. After dividing 
the sample for runoff score into quartiles, a logistic 
regression model was also used to estimate the effect 
of increasing runoff scores on graft occlusion. Receiver 
operating characteristic (ROC) curves were used to 
test the adequacy of the runoff scoring system and to 
define an appropriate cut-off value. An area under the 
ROC curve for a test greater than 0.5 + twice the 
standard error (S.E.) was considered statistically sig- 
nificant. Pearson's test was used to correlate runoff 
score to ABI values. Cases with evidence of a cause 
for the graft occlusion other than compromised runoff 
were excluded from the analysis on the predictive 
value of the runoff score but included in the haemo- 
dynamic success, patency and leg salvage rates. 
Results 
Seven patients (6%) died in the immediate post- 
operative period. There were 20 graft occlusions (15%) 
within 30 days after surgery, of which three were in 
reconstructions done for claudication and 17 in the 
ones done for CLI. The immediate patency rates were 
91% and 83%, respectively, and the overall immediate 
patency rate was 85%. Seven of the occluded grafts 
(5%) were reoperated immediately. Reocclusion oc- 
curred in six of them, while in one instance the graft 
remained patent. Only one leg required amputation 
after eoperation. Of the remaining 13 graft occlusions, 
five (4%) led to a major amputation. Progression of 
infection or gangrene was the indication for am- 
putation of four legs with a patent graft. Leg salvage 
was thus achieved in 91% of CLI patients, whilst one 
patient operated for claudication had a below-knee 
amputation asa result of graft occlusion. An immediate 
haemodynamic success was achieved in 99 re- 
constructions (75%); 27 of them were in claudicants 
(84%), and 72 were in CLI patients (72%). 
In one graft an intact valve cusp was believed to be 
the probable reason for the occlusion, revalvulectomy 
was performed and the graft remained patent. In 
another graft, poor vein quality led to intraoperative 
thrombosis during the primary operation with con- 
sequent hrombectomy, revision of the distal graft 
and new completion angiography. This reconstruction, 
with a runoff score of four, occluded the next day and 
was not reoperated. These two reconstructions were 
excluded from the analysis of the impact of the runoff 
score. 
The median increase from preoperative to post- 
operative ABI was 0.37 (0.14-0.53). The median Ad 
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Fig. 1. Angiographic crural runoff score and risk for immediate 
femoropopliteal s phenous vein graft occlusion. ([]) Occlusion. 
Hoc runoff score was 4.0 in claudicants and 6.5 in CLI 
patients (p = 0.01). A statistically significant correlation 
between the runoff score and the preoperative (r = 0.3; 
p=0.01), and postoperative (r=0.3; p=0.0001) ABI 
values was found. The correlation between change 
in ABI and runoff score almost reached statistical 
significance (r = 0.18; p = 0.058). 
Among patients with a patent graft during the im- 
mediate postoperative period, the median Ad Hoc 
runoff score was 5.0, whereas in those with graft 
occlusion the median score was 8.75 (p=0.001). 
Patients with major amputation were found to have a 
median score of 9.0, whereas patients with leg salvage 
had a median score of 5.0 (p=0.003). Compared to 
scores in the lowest quartile, scores in the highest 
quartile had a 8.7 (p=0.005) times higher risk for 
immediate graft occlusion (Fig. 1). Among the risk 
factors evaluated by multivariate analysis, only an- 
giographic runoff score had an independent s atistical 
significance in predicting immediate occlusion of these 
grafts (p = 0.0006; odds ratio = 1.44). This was also true 
for postoperative major amputation when the pre- 
operative ABI was entered after logarithmic trans- 
formation (p = 0.0004, odds ratio = 2.24). 
ROC curves for the runoff score in predicting im- 
mediate graft occlusion (area under the curve: 0.76; 
s.~.: 0.23) and postoperative major amputation (area 
under the curve: 0.8; s.~.: 0.31) were not statistically 
significant, but the best cut-off point of the method 
was at 7.5. Using such a cut-off point for positive test, 
the sensitivity, specificity, positive predictive value, 
and negative predictive value for immediate graft 
occlusion were 75%, 76%, 34%, and 95%, respectively, 
whereas for major amputation the corresponding fig- 
ures were 78%, 73%, 20%, and 97%. In patients with 
a score _< 7.5 and in those with a score >7.5, the patency 
rates were 95% and 66% (p = 0.001), and the leg salvage 
rates were 97% and 80% (p = 0.004), respectively. 
Discussion 
Although several reports have confirmed the validity 
of the intraoperative pre- and/or post-reconstruction 
angiography, blood flow and peripheral resistance 
measurements in predicting the outcome of lower limb 
revascularisations, 7"11-13 there is still lack of pre- 
operative parameters predictive of the fate of these 
grafts. Technical errors, vein quality, biochemical and 
rheological factors 14'~5 may all have impact on the 
outcome of arterial bypass surgery, but inadequate 
distal runoff leading to poor blood flow is considered 
the main cause for graft failure. 4'6'7 Since preoperative 
angiograms how a map of ischaemic disease, an- 
giographic findings were logically the basis for the 
development of a scoring system which should give 
weight to those vessels contributing to the runoff 
status. 2 Unfortunately, this method for staging of leg 
ischaemia has been tested by only a few studies which 
have given contradictory esults, g-s Some of these were 
biased by analysis of results in patients undergoing 
heterogenous procedures, both for the type and the 
length of grafting. 3-5"7 Furthermore, Takolander et al 4 
required the grafts to be patent at 1 month after 
surgery, as an inclusion criteria in their study. In fact 
they experienced eight (15%) immediate occlusions 
with a mean score not significantly different from the 
patent grafts. They found no predictive value of the 
runoff score for 1-year graft patency. However, despite 
duplex surveillance, occlusions due to neointimal 
hyperplasia and even progression of the ath- 
erosclerotic disease might have affected the results. In 
our opinion, this scoring system can offer only a static 
picture of the disease at the time of angiography and 
operation and is thus likely to particularly affect the 
immediate outcome. The 30-day graft failure rate has 
been recognised as the area for the greatest potential 
improvement in infrainguinal revascularisation a d is 
considered to be predominantly related to the runoff 
status. 6'14 For these reasons, in the present study the 
immediate postoperative outcome was considered an 
appropriate measure for testing this scoring system, 
thus avoiding bias from intimal hyperplasia nd dis- 
ease progression. At the time of the study, grafts were 
routinely assessed by intraoperative angiography to 
rule out immediate failure due to technical errors. 
The reported positive correlation between The Ad 
Hoc score and runoff resistance, 3 and flow waveform 
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pattern s indicates that angiographic grading of lower 
limb arteries can provide a functional assessment of
the disease severity. This was true in our study, as the 
score correlated with both preoperative and post- 
operative haemodynamics. However, the results from 
our study, in which a quarter of the reconstructions 
were performed with a runoff score more than 8, 
contradict the favourable results with bypass grafts to 
an isolated popliteal artery segment hat have pre- 
viously been reported. 16 
Attempts to improve the resolution of the Ad Hoc 
scoring system have been done, 3'7 but the limits en- 
countered by other authors by using this method 
might be related to the intrinsic deficiencies of contrast 
angiography. Since the demonstration of vessel pat- 
ency depends on the delivery of radiopaque contrast 
material to the distal runoff arteries, the loss of an 
adequate concentration of contrast agent may cause 
failure in showing vessels contributing to runoff. 17-2° 
Up to one quarter of vessels demonstrated to be patent 
on Doppler ultrasonography or at operation may fail 
to opacify on arteriogramsY -2° When compared with 
intraoperative angiography, preoperative angiography 
failed to show patent runoff vessels in 10%-21% of 
crural arteries, and 40%-86% of combined calf and 
foot arteries. 2°-22 Magnetic resonance angiography 
(MRA) has also been shown to demonstrate flow in 
the presence of severe occlusive disease by detecting 
the intense signal generated by non-pulsatile blood 
flow. 23 Studies comparing MRA with contrast angio- 
graphy showed that MRA is able to detect patent 
runoff vessels that are not opacified by preoperative 
angiography, with a prevalence ranging from 19% to 
24% when the actual patency was confirmed by sur- 
gical exploration or intraoperative contrast angio- 
graphy. 24-2s Therefore, we might expect further 
improvement in the correlation between the Ad Hoc 
runoff score and the outcome of infrainguinal re- 
vascularisation by detecting patent vessels with al- 
ternative imaging techniques. 
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